central rod-like core, has been described. In view of the tendency of scrapie infectivity to be associated firmly (though not exclusively) with mitochondrial fractions these changes deserve further study. Pattison (1965) has emphasized the remarkable symmetrical localization of the changes of scrapie. This is quite striking, but unilateral changes may be seen in the earliest stages (see above).
In summary, scrapie changes comprise: (a) Neuronal vacuolation, more marked in some species than others and varying in degree with different strains of scrapie agent.
(b) Widespread non-specific nerve-cell degeneration.
(c) Myelin sickness, especially in long fibre tracts.
(d) Astroglial hypertrophy, regarded by several workers as the earliest and most clear-cut sign of scrapie change. The glial changes are reminiscent of those occurring in a low-grade astrocytoma and suggest the possibility that there has been widespread 'transformation' of glial cells in scrapie.
(e) Strict symmetry of histological changes in established disease.
(f ) Changes that are usually associated with aging, e.g. amyloid bodies, ordered neuronal tubule formation.
(g) Changes much more marked in grey matter than in white.
When mice are inoculated intracerebrally with scrapie-affected material there is an interval of at least 4 months before the appearance of clinical signs, and until recently very little was known ofthe biochemical changes underlying the development of the disease. Some early studies were carried out in sheep and goats involving mainly the analysis of brain and body fluids taken from affected animals, but these were almost entirely negative (Avery, Mills & Darcel, 1960; Darcel, Merriman, Beauregard, Avery & Kasting, 1963; Darcel & Avery, 1960; Darcel, Avery & Carson, 1961; Millson, West & Dew, 1960; Slater, 1965a,b) . However, the transmission of scrapie to mice (Chandler, 1963) provided the research worker with a very convenient experimental form of the disease and nearly all present day knowledge of the problem refers to mouse scrapie. Scrapie is a disease that affects the central nervous system and it is not surprising that virtually all the biochemical abnormalities associated with the development of the disease are found in this tissue.
The degenerative nature of scrapie is reflected in the progressive decline in body weight that occurs soon after the onset of clinical signs. The change in body weight is accompanied by a similar decrease in brain weight. Analysis of the main constituents of brain shows that, although small changes in density and water content do occur, the decreased brain weight is due largely to a proportionate loss of lipid, protein and water (Mould, Dawson, Slater & Zlotnik, 1967; Kimberlin & Millson, 1967; Field, Caspary & Windsor, 1966) . The total amount of nucleic acid is, however, unchanged, resulting in a small increase (10%) in the concentration of both DNA and RNA (Kimberlin & Millson, 1967) . Histochemically the breakdown of lipid is reflected in the deposition of neutral fat in brain (Mackenzie & Wilson, 1966) , and some slight changes have been reported in the fatty acid composition of myelin and whole brain from affected mice (Heitzman & Skipworth, 1969) . An increased accumulation of periodate-Schiff-positive material has also been detected histochemically in scrapie-affected mice (Mackenzie, Wilson & Dennis, 1968b) . Despite the breakdown of protein there is no gross change in the concentration of total free amino acids (Mould et al. 1967) .
Extensive studies involving the use of radioactive tracers have revealed only minor changes in the metabolism of RNA and protein (Kimberlin, 1968; Millson & Hunter, 1968) , and the respiratory activity of brain homogenates from scrapie-affected mice is decreased only in proportion to the loss of brain weight (Kimberlin & Millson, 1967) . Similarly the activities of succinate dehydrogenase and cytochrome oxidase are unchanged in scrapie-affected mice, although it is noteworthy that both these enzymes have an increased activity in scrapie goats (Slater, 1965b) .
It would therefore seem that even in the clinical stage of scrapie the biochemical abnormalities are not very striking. However, brain has a very heterogeneous cell population, and these studies only reflect the changes taking place in the tissue as a whole. The histopathological abnormalities of mouse scrapie include vacuolation of the ground substance, neuronal degeneration and hyperplasia of the astrocytes, and so it would seem that though some cells have a decreased metabolic activity others are more active. The enlargement of astrocytes is of interest since it may be that an altered metabolism in these cells is responsible for the increased concentration of Na+ and the decreased concentration of K+ and of free inorganic phosphate that have been reported in scrapie-affected brain. However, normal concentrations of Na+ and K+ are found in the serum of affected mice (Field et al., 1966; Kimberlin, 1968; Mould et al. 1967) .
Whereas most of the changes described so far occur during the clinical stage ofscrapie, two further lines of investigation have revealed earlier changes. Three groups of lysosomal enzymes can be distinguished by their behaviour in scrapie-affected brain. One group contains those enzymes whose activity is unaltered and includes neuraminidase, a-and fl-glucosidase, ,-galactosidase, lipase, phospholipase a, arylsulphatase A and B and acid phosphatase. Glucose 6-phosphate dehydrogenase is also unaltered in scrapie. Another group of enzymes, including cathepsin D, acid proteinase and acid ribonuclease, show an increased activity in scrapie-affected brain that occurs mainly in the clinical stage of the disease, and it seems likely that these enzymes are associated with the degenerative changes already described. The third group of enzymes show an increased activity much earlier in the incubation period and, apart from deoxyribonuclease, these enzymes are all carbohydrate hydrolases, namely hyaluronidase, N-acetyl-fp-Dgalactosaminidase, ,-glucuronidase and N-acetylfl-D-glucosaminidase (Millson, 1965; Hunter & Millson, 1966; Hunter, Millson & Vockins, 1967; Mould et al. 1967; Slater, 1965b; Mackenzie, Millson & Wilson, 1968a; Mackenzie et al. 1968b ).
With deoxyribonuclease, N-acetyl-fl-D-glucosaminidase and ,-glucuronidase a progressive increase in enzyme activity occurs starting at about 8 weeks after inoculation of the scrapie agent and reaching a value two to three times the normal activity in the clinical stage of the disease (Millson, 1965; Mackenzie et al. 1968a) . It is of interest that these enzyme changes precede the appearance of histopathological abnormalities. Moreover, there is an increase in both free and total activity with these enzymes. Although it has been shown that lysosomes from scrapie-affected brain are more fragile than normal lysosomes (Hunter & Millson, 1966) it would appear than an induced synthesis of certain carbohydrate hydrolases and of deoxyribonuclease may take place in scrapie, possibly as a response to the presence of a carbohydrate-containing agent (Gibbons & Hunter, 1967 ).
An extension of these studies using histochemical techniques has provided some evidence of a correlation between ,-glucuronidase activity and vacuolation on the one hand and N-acetyl-fl-D-glucosaminidase activity and astrocyte hypertrophy on the other (Mackenzie et al. 1968a ). However, an electron-microscopic study has indicated that N-acetyl-p-D-glucosaminidase activity is associated with medium-sized neurons as well (Chandler & Smith, 1968) . One of the main problems in this type of study arises when trying to distinguish the primary biochemical lesions of scrapie from the secondary, less specific, changes due to damaged brain. A comparison of ,-glucuronidase, N-acetylfl-D-glucosaminidase and N-acetyl-,-D-galactosaminidase activities in the brains of animals infected with scrapie, louping ill, yellow fever or Herpes simplex suggests that increased N-acetylfl-D-glucosaminidase and N-acetyl-fl-D-galactosaminidase activities may be specific for scrapie whereas an increased ,-glucuronidase activity is a feature of all four-infections (Mackenzie et al. 1968b) . Besides changes in the activity of carbohydrate hydrolases, an increased activity of the synthetic enzyme UDP-glucose pyrophosphorylase and UDPglucose 4'-epimerase occurs in scrapie-affected mouse brain but only at the clinical stage of the disease (Heitzman, 1968) .
About half-way through the incubation period ofmouse scrapie, an increased rate ofDNA synthesis is detectable in whole brain that progresses until a rate of synthesis three to four times the normal value is reached in the clinical disease (Kimberlin & Hunter, 1967) . This phenomenon does not occur in the other tissues that contain the agent (Kimberlin, 1969) , and there is now good evidence that the elevated rate of DNA synthesis does not represent the replication of a DNA-containing agent. Recently a similar increase has been reported in the rate of histone synthesis and also in the rate of histone acetylation (Caspary & Sewell, 1968a,b) , and it is possible that these changes are related to the increased rate of DNA synthesis. Some radioautographic studies have shown that the nuclei of glial cells and of subependymal cells synthesize DNA in normal and scrapie-affected brain. In both cases the active glial cells are made up of astrocytes and oligodendroglia, in similar proportions and with a similar distribution in brain. However, the total number of glial cells that synthesize DNA in scrapie-affected brain increases rapidly during the first 4-6 weeks after inoculation of the agent and reaches a plateau that is virtually constant at least until the early clinical stage of scrapie (Kimberlin & Anger, 1969) . The significance of these observations is not known, but it is of interest to find a relatively dramatic metabolic change in scrapie so early in the time-course of the disease and at a time when the titre of scrapie agent in brain is relatively low.
It will be appreciated that, in spite of a considerable amount of work on the problem, it is still too early to draw any definite conclusions about the primary events taking place in the development of scrapie. The very nature of the disease, with its Early work on goat and sheep scrapie (reviewed by Stamp, 1962) had clearly shown that the scrapie agent would pass through filters of average pore diameter 200nm., but no other unequivocal information relating to the size of the scrapie agent was available. Further progress has been made with the mouse-adapted agent: Eklund, Hadlow & Kennedy (1963) and Haig & Clarke (1965) were able to filter preparations of the agent through filters of average pore diameter lOOnm., and Gibbs, Gajdusek & Morris (1965) showed that even filtrates obtained with filters of 43nm. average pore diameter exhibited some biological activity. No activity was found in filtrates obtained with filters of average pore diameter 27nm. Thus the published filtration evidence suggests a size for the scrapie agent in the range 20-40nm., a conclusion consistent with the deductions made by D. L. Mould (unpublished work) from the results of sedimentation studies of extracts containing the scrapie agent. It has, however, been suggested by Pattison & Sansom (1964) that the scrapie agent may in certain circumstances be diffusible on dialysis, although Mould & Dawson (1968) , using a somewhat different technique, were unable to confirm their experimental findings.
The situation was radically altered as a result of the observations by Alper, Haig & Clarke (1966) , who exposed preparations containing the scrapie agent to the action of ionizing radiation. The large amount of radiation required for inactivation indicated a very small target size of the order of 105 daltons, presumably the size of the scrapie agent. The experimental findings have been confirmed in other laboratories, but recently we have re-examined the suggestion that the immediate radiation target is necessarily to be exactly equated with the scrapie agent because it seemed that it was not immediately reconcilable with the membrane hypothesis of scrapie (Gibbons & Hunter, 1967) . In fact, five recent experiments carried out by R. H. Kimberlin, G. C. Millson & G. D. Hunter (unpublished work) have shown that ultrasonic treatment of certain preparations of the scrapie agent produces finely dispersed suspensions that can readily be passed through small filters with reasonable recoveries of protein nitrogen. In all these experiments, most ofthe scrapie activity was recovered in filtrates obtained with filters of average pore diameter 50nm., but none at all in extracts that had passed through filters of average pore diameter 20-35nm. or smaller. Electron-microscopic examination showed that finely divided particles can pass through filters of average pore diameter 20-35nm. and 50Onm., and thus suggested that there was a lower limit to the size of membrane fragment with which scrapie activity was associated. This conclusion has been strengthened by employing exclusion chromatography on agarose columns, where in three separate experiments the scrapie agent has been essentially excluded by Bio-Gel A50m., indicating a molecular weight for the scrapie agent greater than 5 x 107 daltons. The apparent major discrepancy between this conclusion and that to be drawn from the radiation data may not be a
